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Chromium coatings are extensively used in various in-
dustrial branches for corrosion and erosion protedion of
metal parts. These matings are usualy deposited from
standard chrome-plating baths based on CrO;. Taking into
acount the presing environmental requirements to the
safety of eledroplating waste, the further use of eledro-
Iytes containing Cr(VI) becomes emlogicdly unaccept-
able. From this viewpoint, the studies aimed at deposition
of chromium eledroplates of high quality from Cr(lll)
baths is quite promising. The prospeds of these studies
are dso ecnomicdly warranted. This work presents the
results on the preparation methods of high-quality chro-
mium eledroplates from Cr(lll) baths, their corrosion and
eledrochemica behavior, and also on the linkage between
these properties and the deposit compasition and struc-
ture.

The main obstades met during chromium deposition
from Cr(lll) eledrolytes are asociated with the out-
standing stability of its agua-complexes. The use of
polydentate ligands that replacewater moleaules from the
inner coordination sphere of chromium aqua-complexes
and provide asufficiently high rate of inner-sphere trans-
fer of eledrons allowed the development of sulfate—
oxaate Cr(lll) baths of different compasitions (see[1, 2]
and references therein). An example is the foll owing com-
pOS|t| on (g/l) Cr2(804)3[6H20, 100—200, Na,C,0,4, 15—
35; Aly(S0,)518H,0, 100, Na;SO,, 80; pH 1.1—2.1. The
optimal temperature is 35—40°C. The deposition rate
reades 2 um/min, and the airrent efficiency exceeals
40%. The gpeaance ad hbrightnessof obtained deposits
compares well with coatings eledroplated from commer-
cial baths.

The studies of corrosion and eledrochemicd proper-
ties of the deposits were caried out by measuring steady-
state polarizaion curves in solutions of 0.5 mol/l H,SO,.
The deposits 10—40-pm thick, which were dedroplated
on copper or brass sippats, were tested. The dedro-
chemica studies owed that the depasits, being anodi-
cdly polarized, exhibit no region of adive diromium dis-
solution, and the aurrent-less potential is difted in the
positive diredion as compared with metallurgicd chro-
mium and chromium eledroplates deposited from stan-
dard beths and locaed in the passvity region. A compari-
son of our results with literature data has $own that the
aforementioned corrosion behavior of chromium eledro-
plated from sulfate—oxalate Cr(lll) baths correlates well
on a qualitative level with the behavior of chromium de-
posits obtained from standard Cr(V1) baths with additions
of formic add (Chcoon = 0.22moal/l) [3, 4]. To explain this
simil arity, we examined the structure and phase composi-
tion of the dedroplates, and aso their surface omposi-
tion, before and after anodic padlarizaion in sulfuric-add
solutions.

XRD studies reveded an amorphous gructure of elec-
troplates deposited from sulfate—oxalate Cr(lll) baths. X-

ray microanalysis and XPS technique showed the deposits
to contain 6.5—7 wt % carbon in the form of Cr,3Cg ca-
bide and partially as the products of oxalic-add reduction.
It should be noted that a substantial amournt of carbon was
also deteded in amorphous chromium depasits obtained
from Cr(VI) baths containing formic add [3—7], forma-
mide, formaldehyde, and glyoxal [6].

The results obtained in our work [8] and analysis of
literature data dlowed us to propose that carbide com-
pounds of chromium appea in the studied depasits due to
the reduction of oxalic add, which proceels on newly
formed chromium in paralel with the discharge of metal
ions. An important additional argument confirming this
hypothesis is the result of analyzing the XPS charaderis-
tics of metallurgicd-chromium surface déter its exposure
to sulfuric-add solutions containing organic substances
(oxalic add, dimethylformamide, and methanol). The
band C1s of these spedra demonstrated the feaures typi-
cd of the presence on the surfaceof the products of deep
reductive destruction of organic substances (carbon parti-
cles and carbon containing functional groups) [9].

Carbide compounds of chromium are known to exhibit
a sufficiently low hydrogen-evolution overpotential [10].
Apparently, the presence of these compounds in the stud-
ied depasits dould shift the aurrent-less potential of the
eledroplates in the paositive diredion to the passvity re-
gion, i.e, will cause the very effed that is observed ex-
perimentally. In other words, the fad that chromium elec-
troplates depasited from Cr(IIl) baths (and probably those
from Cr(VI) baths containing certain organic substances)
are self-pasdvated in sulfuric add solutions siggests that
their composition includes carbide cmpounds which be-
have & cathodic additives.

Another fundamental conclusion, which follows from
this gudy, is the fad that chromium should be mnsidered
as a metal exhibiting eledrocaalytic adivity in cahodic
processes toward organic substances.

This work is supparted by the Russan Foundation for
Basic Reseach (grant no. 99-03-32217%.

References

1. Edigaryan A.A., Polukarov Y u.M. Zashchita Metallov
(Protection of Metals), 1998 vol. 34, p. 609

2. Edigaryan A.A., Polukarov Y u.M. Zashchita Metallov
(Protection of Metals), 1999 val. 35, p. 5.

3. Danilov F.I., Popov E.R., BurykinaV.S., Protsenko
V.S., Elektrokhimiya (Russ. J. Electrochem.), 1997,
vol. 33, p. 543

4. Danilov F.1., Protsenko V.S., Elektrokhimiya (Russ. J.
Electrochem.), 1998 vol. 34, p. 641

5. Joshi A., Kulkarni SK., J. Mater. Sci., 1990 vol. 25,
p. 1357.

6. Hoshino S, Laitinen H.A., Hoflund G.B., J. Electro-
chem. Soc., 1986 vol. 133 p. 681

7. Tsa RY.,WuST.,J. Electrochem. Soc., 199Q vol.
137, p. 637,199Q vol. 137, p. 3057.

8. Safonov V.A., VykhodtsevaL.N., Edigaryan A.A.,
Aliev A.D., Molodkina E.B., Danilov A.l., Lubnin
E.N., Polukarov Y u.M., Elektrokhimiya (Russ. J. Elec-
trochem.), 2001, vol. 37, p. 148

9. Safonov V.A., Lubnin E.N., VykhodtsevaL.N.,
Chusova G.E., Polukarov Y u.M., Elektrokhimiya
(Russ. J. Electrochem.), 2001, vol. 37 (in presy.

10. Tsirlina G.A., Petrii O.A., Kandakova N.S., Elek-
trokhimiya (Russ. J. Electrochem.), 1986 vol. 22, p.
933



